Hepatitis C virus (HCV) is a significant public health concern with approximately 160 million people infected worldwide 1 . HCV infection often results in chronic hepatitis, liver cirrhosis and hepatocellular carcinoma. No vaccine is available and current therapies are effective against some, but not all, genotypes. HCV is an enveloped virus with two surface glycoproteins (E1 and E2). E2 binds to the host cell through interactions with scavenger receptor class B type I (SR-BI) and CD81, and serves as a target for neutralizing antibodies [2] [3] [4] . Little is known about the molecular mechanism that mediates cell entry and membrane fusion, although E2 is predicted to be a class II viral fusion protein. Here we describe the structure of the E2 core domain in complex with an antigen-binding fragment (Fab) at 2.4 Å resolution. The E2 core has a compact, globular domain structure, consisting mostly of b-strands and random coil with two small a-helices. The strands are arranged in two, perpendicular sheets (A and B), which are held together by an extensive hydrophobic core and disulphide bonds. Sheet A has an IgG-like fold that is commonly found in viral and cellular proteins, whereas sheet B represents a novel fold. Solution-based studies demonstrate that the full-length E2 ectodomain has a similar globular architecture and does not undergo significant conformational or oligomeric rearrangements on exposure to low pH. Thus, the IgG-like fold is the only feature that E2 shares with class II membrane fusion proteins. These results provide unprecedented insights into HCV entry and will assist in developing an HCV vaccine and new inhibitors.
Hepatitis C virus (HCV) is a significant public health concern with approximately 160 million people infected worldwide 1 . HCV infection often results in chronic hepatitis, liver cirrhosis and hepatocellular carcinoma. No vaccine is available and current therapies are effective against some, but not all, genotypes. HCV is an enveloped virus with two surface glycoproteins (E1 and E2). E2 binds to the host cell through interactions with scavenger receptor class B type I (SR-BI) and CD81, and serves as a target for neutralizing antibodies [2] [3] [4] . Little is known about the molecular mechanism that mediates cell entry and membrane fusion, although E2 is predicted to be a class II viral fusion protein. Here we describe the structure of the E2 core domain in complex with an antigen-binding fragment (Fab) at 2.4 Å resolution. The E2 core has a compact, globular domain structure, consisting mostly of b-strands and random coil with two small a-helices. The strands are arranged in two, perpendicular sheets (A and B), which are held together by an extensive hydrophobic core and disulphide bonds. Sheet A has an IgG-like fold that is commonly found in viral and cellular proteins, whereas sheet B represents a novel fold. Solution-based studies demonstrate that the full-length E2 ectodomain has a similar globular architecture and does not undergo significant conformational or oligomeric rearrangements on exposure to low pH. Thus, the IgG-like fold is the only feature that E2 shares with class II membrane fusion proteins. These results provide unprecedented insights into HCV entry and will assist in developing an HCV vaccine and new inhibitors.
HCV envelope glycoprotein 2 (E2) is a type I transmembrane protein with an amino-terminal ectodomain connected to a carboxy-terminal transmembrane helix through an amphipathic, a-helical stem ( Fig. 1a ) 5, 6 . E2 is highly modified post-translationally with 9-11 N-linked glycosylation sites and 18 cysteine residues that are conserved across all genotypes. For ease of comparison with other genotypes, we refer to the cysteines and N-linked glycosylation sites as C1 to C18 and N1 to N11, respectively, with residue numbers from the J6 genotype (2a) given in parentheses. Full-length, E2 ectodomain (eE2) (384-656) was produced in N-acetylglucosaminyltransferase I-negative (GnTI2) HEK293T cells by a lentiviral expression system and grown in an adherent cell bioreactor. The resulting eE2 protein is monomeric as determined by non-reducing SDS-polyacrylamide gel electrophoresis (PAGE) and size-exclusion chromatography (Extended Data Fig. 1 ).
Solution-based studies using limited proteolysis and hydrogen deuterium exchange demonstrated that approximately 80 amino acids on the N terminus (384-463) from hypervariable region (HVR) 1 through to HVR2 are exposed and flexible. This region includes conserved sequences implicated in binding to the cellular receptors (SR-BI and CD81) as well as several epitopes for neutralizing antibodies ( Fig. 1 and Extended Data Figs 2 and 3) [7] [8] [9] [10] [11] . Various N-terminal deletions were produced to minimize regions of disorder while preserving an even number of cysteines, potentially allowing for intramolecular disulphide-bond formation. All constructs were screened for aggregation by non-reducing SDS-PAGE and size-exclusion chromatography. E2 core (456-656) is soluble, monomeric and maintains similar secondary structure content when compared with eE2 as determined by reactivity towards HCVinfected patient sera (Extended Data Fig. 4a , b) and circular dichroism (data not shown). However, in contrast to eE2, CD81 binding affinity and the efficiency of inhibition of HCV cell culture (HCVcc) entry was diminished for the E2 core (Extended Data Fig. 4c-e ). This indicates that the N terminus of eE2 is critical for CD81 interaction and probably undergoes a transition from disorder to order on binding. Alternatively, the N-terminal region may also be ordered through interactions with other factors, for example, E1, apolipoproteins, lipids, cellular receptors, or antibodies.
Monoclonal antibodies were generated against recombinant eE2 and crystals of deglycosylated E2 core were produced in complex with a Fab (2A12) and diffracted to 2.4 Å resolution ( Fig. 1 and Extended Data Table 1 ). The complex structure was determined by molecular replacement using a Fab structure followed by iterative rounds of model building and refinement. The E2 core domain has a globular fold, consisting of mostly b-strands and random coil with two short a-helices, which is consistent with previous spectroscopic studies of eE2 (refs 12, 13) . The protein contains two, four-stranded antiparallel b-sheets (termed sheets A and B), the planes of which are approximately perpendicular to each other. The four strands of the N-terminal b-sheet (sheet A) are stabilized by two disulphide bonds, between strands 1 and 3 (C7 (510) and C8 (554)) and the N-terminal loop with strand 4 (C5 (496) and C9 (566)). The loop between strands 2 and 3 contains sequences implicated in CD81 binding and is flexible, similar to the N-terminal CD81 binding sites, which were deleted 14, 15 . After strand 4, the polypeptide continues into a long, disordered loop before forming the first short helix (H1) followed by the second b-sheet (sheet B). A second short a-helix (H2) is located between strands 6 and 7. A disulphide bond (C14 (611) and C16 (648)) between strand 6 and the C-terminal strand 8 further stabilizes the fold. The C-terminal strands (7 and 8) are the longest within the protein with approximately nine amino acids each and encompass the 2A12-binding site. 2A12 does not neutralize HCV infection, indicating that the epitope is either buried within the particle or incapable of preventing entry (Extended Data Fig. 4f ). The two b-sheets are held together by (1) two disulphide bonds, connecting the loops before strand 1 and after H2 (C4 (488) with C15 (624)) as well as the loops after strand 4 and before H1 (C10 (571) and C13 (601)), and (2) an extensive hydrophobic core consisting of numerous aromatic residues (Extended Data Fig. 5 ).
HCV belongs to the genus Hepacivirus of the Flaviviridae family. Other members of the family include the flavivirus and pestivirus genera, which consist of arthropod-borne viruses and important livestock pathogens, respectively 16 . The flavivirus envelope glycoprotein (E) is a class II fusion protein and HCV E2 was expected to have a similar fold 13, 17, 18 . All class II fusion proteins have a common elongated structure, consisting of predominantly b-sheets, and exist as homo-or heterodimers with the membrane-fusion, hydrophobic peptide buried at the dimer interface at neutral pH. On receptor binding and/or exposure to low pH, these proteins undergo self-rearrangement into stable trimers, exposing the fusion peptide and resulting in viral and host membrane fusion. Despite containing a similar extended organization, the recent structure of the pestivirus bovine viral diarrhoea virus (BVDV) E2 glycoprotein does not represent a typical class II fusion protein fold and lacks an apparent fusion peptide, indicating that it is unlikely to be a class II fusion protein 19, 20 .
Similar to the flavivirus and pestivirus glycoproteins, the HCV E2 core secondary structure consists of predominantly b-sheets and random coil. However, E2 core is a monomer with a compact globular shape, in contrast to the extended structures reported in other viruses. Solution-based small-angle X-ray scattering (SAXS) was used to correlate the crystallographic core domain structure with fully glycosylated eE2 and various fragments. The ab initio SAXS envelopes of E2 core and eE2 are similar, with approximately the same radius of gyration (R g ) ( Fig. 2a, b and Extended Data Table 2 ). Glycosylation, which is missing in the E2 core crystal structure, represents roughly one-third of the mass and accounts for the unmodelled areas of the envelopes. Notably, neither the R g nor the elution profiles on size-exclusion chromatography for fully glycosylated eE2 and E2 core changed significantly at pH 5.0 (Extended Data Fig. 6a, b) . These results indicate that unlike class II membrane fusion proteins, E2 does not undergo significant structural rearrangements on exposure to low pH.
SAXS was used to investigate the CD81 binding region on the E2 ectodomain. To simplify data interpretation, eE2(DHVR1) was used, as HCV lacking HVR1 remains infectious 21 . The binding site of CD81 was identified by superimposing the SAXS envelopes of eE2(DHVR1) alone and in complex with CD81-LEL ( Fig. 2c-e ). Although CD81-LEL is a dimer in solution (Extended Data Fig. 6c ), the extra density in the SAXS envelope is more consistent with monomeric binding; however, a dimer cannot be ruled out.
HCV E2 is modified by N-linked glycosylation, which is necessary for proper folding and immune invasion. E2 from the J6 genotype has 11 glycosylation sites. Four of the glycosylation sites are in the flexible N-terminal region, which were deleted, and seven are in the core domain (N5-N11). The location of N7, N8, N10 and N11 are modelled in the final E2 core structure. All of these glycans are present in loop areas, indicating that these sites are solvent exposed and flexible. Mutagenesis studies in HCVcc have shown that N6, N8 and N10 are integral for virus infectivity. Removal of the N6 site results in improved CD81 binding, whereas N8 and N10 mutations destabilize the protein and cause defective particle production 22 . Both sheets have one critical glycosylation site: N8 in sheet A and N10 in sheet B. All four of the observed glycosylation sites are on the periphery of the core and are located on a highly basic surface (Fig. 3) . The opposite surface is predominantly hydrophobic and highly conserved when compared to the basic surface. Furthermore, the epitope for antibodies (AR1, AR3A and AR3C) that inhibit E1E2 binding to CD81 is located at the interface of 
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the hydrophobic and basic surfaces, including the N7 glycosylation site (Extended Data Fig. 7a ). Interestingly, N7 is only 7 residues away from N6, which has a critical effect on CD81 binding. Epitopes for antibodies (that is, AR5) that block E1E2 heterodimerization are also found on the hydrophobic surface, making it highly plausible that this surface is interacting with E1 in the context of the viral particle 4 . The precise roles played by E1 and E2 in membrane fusion are not fully understood. It has been predicted that amino acids 262-290 in E1 
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as well as 416-430, 504-522 and 604-624 in E2 are important for fusion 13, 23, 24 . In the structure, the potential fusion regions in E2 (504-522 and 604-624) are located in secondary structure elements within the hydrophobic core and therefore unlikely to serve as the fusion peptide. Furthermore, size-exclusion chromatography and SAXS analyses at low pH indicate that E2 does not undergo oligomeric or structural rearrangement. Thus, it seems unlikely that E2 has a direct role in membrane fusion. However, it is possible that E1 alone or the E1E2 heterodimer has a major role in the fusion process.
Structural comparison of the HCV E2 core domain with all known folds in the Protein Data Bank using the Dali server 25 identified proteins with IgG-like folds similar to the N-terminal sheet A, none of which is a class II fusion protein, although IgG-like folds are common in these proteins. The server failed to identify any statistically significant structures to sheet B, suggesting a novel fold. During the review process of this manuscript, a structure for HCV E2 from genotype 1a was published 26 . The core domain of both structures is highly similar with a root mean squared deviation of 0.8 Å for similar carbon a atoms. Our biochemical and structural data provide valuable information towards defining the role of E2 and establish a foundation for further studies in understanding HCV entry and infection.
METHODS SUMMARY
Recombinant, full-length E2 ectodomain (384-656, genotype J6), eE2(DHVR1) (413-656) and E2 core (456-656) were produced in HEK293T GnTI2 cells 27 by a lentiviral expression system with a C-terminal, protein-A tag. Stable cell lines were grown in an adherent cell bioreactor. Collected supernatants were purified over IgG sepharose and the E2 proteins were eluted by PreScission Protease digestion. The eluted protein was deglycosylated with endoglycosidase H (EndoH) and purified to homogeneity by heparin affinity and size-exclusion chromatography. Monoclonal antibody 2A12 secreted by hybridoma cells maintained in suspension culture was purified over protein G resin. Fab was generated using papain digestion and subtractive protein A chromatography. E2 and 2A12 Fab complex was purified by size-exclusion chromatography and crystals were obtained in 18% (w/v) PEG 3350, 0.5 M MgCl 2 , 0.1 M HEPES (pH 7.5), 15% dioxane and 2% formamide at 20 uC by the hanging-drop vapour diffusion method. The crystals belong to space group P2 1 2 1 2 with cell parameters a 5 85.96 Å , b 5 194.57 Å and c 5 37.92 Å . The structure was determined by molecular replacement to 2.4 Å resolution using a mouse Fab (Protein Data Bank accession 2GSI). The final model has an R work and R free of 0.217 and 0.269, respectively. SAXS measurements were performed on eE2, E2 core, eE2(DHVR1) and eE2(DHVR1)/CD81-LEL. Data were analysed using BioXTAS RAW 28 and applications from the ATSAS 29 program suite. METHODS J6 E2 expression. eE2, eE2(DHVR1) and E2 core domain encompasses residues 384-656, 413-656 and 456-656 from the HCV J6 genome, respectively. Owing to incomplete deglycosylation at N7 (542) with EndoH, the crystallization construct contained an asparagine to glutamine mutation at this position. The expression constructs consisted of a CMV promoter, a prolactin signal sequence, E2 fragment, PreScission Protease cleavage site and a C-terminal protein-A (ProtA) tag. The entire prolactin-E2-ProtA sequence was PCR amplified and cloned into the pJG lentiviral vector (J. Shires).
Wild-type and GnTI2 HEK293T cells 27 (provided by D. Comoletti) were maintained in Dulbecco's Modified Eagle Medium (DMEM) with 10% fetal bovine serum (FBS) at 37 uC with 5% CO 2 . One day before the planned transfection, a single T-225 monolayer flask was seeded with 6.0 3 10 6 HEK293T cells. 90 mg pJG-E2, 60 mg psPAX2 (HIV Gag-Pol packaging vector), 30 mg pMD2.G (VSV glycoprotein vector) and 450 ml of 2 M CaCl 2 were mixed and brought to a final volume of 4.5 ml with ddH 2 0. 4.5 ml of 23 HEPES buffered saline was added at room temperature. After a 2-min incubation, the mixture was added directly to HEK293T cells. After 6-8 h, the media was replaced with DMEM with 10% FBS and 1% antibiotic/antimycotic (A/A) media and incubated for another 70 h.
Two days after transfection, 10,000 GnTI2 HEK293T cells were seeded into a single well of a 96-well plate. The supernatant from the transfection, containing the recombinant lentiviruses, was collected and centrifuged for 30 min at 4,000g at 4 uC to pellet large cellular debris. Clarified supernatant was transferred to a Beckman Ultracentrifuge tube and virus was pelleted for 1.5 h at 25,000 r.p.m. (80,000g) at 4 uC in an SW28 rotor. Supernatant was discarded and the pellet re-suspended in 120 ml of DMEM containing 20% FBS, 1% A/A, and 8 mg ml 21 of polybrene. 60 ml of virus suspension was added to the prepared GnTI2 HEK293T cells and incubated overnight. Infected cells were expanded and ultimately seeded into an adherent cell bioreactor (Cesco Bioengineering) for long-term growth and protein production. eE2, eE2(DHVR1) and E2 core purification. Cell supernatant containing E2-ProtA was centrifuged for 10 min at 7,000g, filtered through a 0.22-mm membrane, and loaded onto an IgG FF column (GE Healthcare). The column was extensively washed with 20 mM sodium phosphate pH 7.0 and then equilibrated with 20 mM HEPES pH 7.5, 250 mM NaCl and 5% glycerol. PreScission Protease was added into the column at approximately 400 mg l 21 of supernatant and incubated overnight at 4 uC. For deglycosylation, the pH of the protein solution was adjusted using 1 M sodium citrate pH 5.5 to a final concentration of 100 mM. EndoH was added at a ratio of 1 mg per 2 mg of E2 and the reaction was incubated at room temperature for 3-4 h. The deglycosylated proteins were desalted into 20 mM HEPES pH 7.5, 50 mM NaCl, and 5% glycerol and purified by heparin affinity followed by size-exclusion chromatography over a Superdex200 column. Final yields for all E2 proteins averaged 30 mg l 21 of supernatant. Crystallization. A 1.1:1 molar ratio of E2 core to Fab was incubated for 1-2 h at 4 uC. The complex was purified over a Superdex200 column equilibrated with 20 mM HEPES pH 7.5 and 100 mM NaCl. The complex was concentrated to 5-7 mg ml 21 and crystals were grown by the hanging-drop vapour diffusion method. Briefly, 2.5 ml of complex was mixed with an equal volume of reservoir solution, comprising of 22% (w/v) PEG 3350, 0.5 M MgCl 2 , 0.1 M HEPES pH 7.5, and 15% (v/v) dioxane. Initially, clusters of plate-like crystals grew in 3-4 days. Single, plate-like crystals were obtained via microseeding using a similar reservoir solution supplemented with 2% (v/v) formamide. Crystals were cryoprotected using reservoir solution with 24% (v/v) ethylene glycol and flash cooled in liquid nitrogen. Data were collected at a wavelength of 0.979 Å using beamline X25 of the National Synchrotron Light Source (NSLS), Brookhaven National Laboratory. Structure determination and refinement. The crystals belong to space group P2 1 2 1 2 with cell parameters a 5 85.96 Å , b 5 194.57 Å , c 5 37.92 Å . Phases were determined by the molecular replacement method using PHENIX 30 and the coordinates from chains A and B from PDB entry 2GSI. Unambiguous placement of the Fab heavy and light chains provided the necessary phases to extend the map to cover E2 core domain using iterative rounds of model building and density modification by COOT 31 , PHENIX, REFMAC 32 and PARROT 33 . The final model was built to a resolution of 2.4 Å , comprising residues 492-522, 538-571 and 596-649 of E2 from the J6 genome, 1-217 of 2A12 light chain, and 1-133 and 136-218 of 2A12 heavy chain with two N-linked, N-acetylglucosamine, six molecules of formamide and 141 solvents molecules. The model coordinates were refined to R work 0.217 and R free 0.269. Model validation demonstrated 95.0% of the residues located in the most favourable region of the Ramachandran plot with 4.8% in the generously allowed regions 30 . Statistics of the data processing and structure refinement are summarized in Extended Data Table 1 . Small angle X-ray scattering (SAXS). Glycosylated E2 proteins were purified over IgG and anion exchange columns. The proteins were equilibrated with either pH 7.5 buffer (50 mM HEPES pH 7.5, 250 mM NaCl and 1% glycerol) or pH 5.0 buffer (50 mM sodium citrate pH 5.0, 250 mM NaCl and 1% glycerol) by Superdex200 gel filtration column. Glycosylated eE2(DHVR1) alone or complex with CD81-LEL (1:2 molar ratios) was purified using pH 7.5 buffer by gel filtration chromatography. Three concentrations of each protein were prepared along with their respective buffers as background control. SAXS data was collected on the SIBYLS beamline at the Advanced Light Source, Lawrence Berkeley National Laboratory. Sample analysis and processing was performed using BioSAXS RAW 28 , ATSAS 29 , and GNOM 34 . The ab initio models were calculated using the application DAMMIF 35 . Consensus models and the normalized spatial discrepancy (NSD) values were calculated by averaging 10 ab initio models using the application DAMAVER 36 . X-ray structures of CD81 (PDB ID 1G8Q), HCV E2 core and ab initio models were aligned using the application SUPCOMB 37 . Hydrogen deuterium exchange. HD exchange experiments were conducted as described previously 38 . Briefly, 5 ml of deglycosylated eE2 (1.5 mg ml 21 ), in 200 mM NaCl, 20 mM HEPES pH 7.5, was incubated with 15 ml of the same buffer made with 99.96% 2 H 2 O (Cambridge Isotope Laboratories) for 10, 100, or 1,000 s and quenched in 30 ml of 2 M urea, 0.8% formic acid and 50 mM tris(2-carboxyethyl) phosphine (TCEP). The reaction mixture was immediately frozen on dry ice until injection. For the zero time point experiment, the protein was incubated in the buffer made with 1 H 2 O and then quenched and frozen. To correct background exchange, a completely deuterated sample was produced by incubating the protein with 100 mM TCEP in 99.96% 2 H 2 O overnight before being quenched and frozen. Dionex RSLC with a C18 column (2.1 3 50 mm, 3 mm, Q-C18, 150A, CMP Scientific) and LTQ Velos Orbitrap pro were used for LC-MS analysis. The mass was measured using Orbitrap with resolution of 60,000 and mass range from 300 to 2,000 m/Z. The LC-MS data were analysed using HDexaminer 1.2.0 (Serra Analytics) with manual checking of each peptide afterwards. Limited proteolysis. 8-10 mg of deglycosylated eE2 protein was mixed with trypsin, chymotrypsin or GluC at 1:120 (w/w) ratio (endopeptidase:E2) and incubated at room temperature. Samples were taken at noted time points and analysed by reducing SDS-PAGE, mass spectrometry and N-terminal sequencing. Production of monoclonal antibody 2A12. Six-to-eight-week-old female BALB/ c mice were immunized intraperitoneally with 50 mg eE2 in either complete Freund's adjuvant (first immunization only), or incomplete Freund's adujvant bi-weekly for 8 weeks. A final immunization with 50 mg of eE2 was given intravenously 4 days before collection of splenocytes. Hybridomas were generated using a cloned HAT-sensitive mouse myeloma cell line as a fusion partner. Proliferating hybridomas were screened for their ability to bind eE2 via ELISA, at which point 2A12 was positively identified. Monoclonal antibodies were generated in the laboratory of A. Grakoui (IACUC protocol number YER-2002369-070816GN). Generation and purification of 2A12 Fab. Hybridoma cells were expanded to a final volume of 2 l in spinner flasks at 100 r.p.m. using Iscove's Modified Dulbecco's Medium, 10% ultra-low IgG FBS, 1% A/A, and 10 mM HEPES (Life Technologies). Cells were collected at 2-3 3 10 6 cells per ml, centrifuged for 10 min at 7,000g, filtered through a 0.22-mm membrane, and loaded onto a Protein G column (GE Healthcare Life Sciences). After completion, the column was washed with 20 mM sodium phosphate (pH 7.0) followed by phosphate buffered saline (PBS). The antibody was eluted with 0.05% TFA in 2 ml fractions into tubes containing 100 ml of 1 M Tris pH 7.5 for immediate pH neutralization. The eluted antibody was dialysed into 20 mM sodium phosphate pH 7.0 and 10 mM EDTA. Insoluble papain was added to the antibody at 0.15 mg per 1 mg of antibody. Freshly prepared L-cysteine was added to the reaction to a final concentration of 20 mM and mixed at 37 uC for 2 h. The papain was removed by centrifugation at 3,500g for 2 min and filtration through a 0.22-mm membrane. Fab was purified by subtractive chromatography over Protein A FF column and desalted into 20 mM Tris pH 8.0. Sequencing Ig H and L chain gene segments of 2A12 antibody. Total RNA isolated from 2A12 hybridoma cells was reverse transcribed into cDNA using random hexamers. Expressed heavy (H) and light (L) chains were amplified using standard primers that are complimentary to all murine H and L chain gene segments 39 . The PCR products were sequenced either directly or following cloning into pCR 2.1-TOPO vector (Life Technologies). CD81 purification and binding assays. Human CD81-LEL (residues 112-202) was produced as a fusion with C-terminal ProtA tag in HEK293T cells using the same lentiviral expression system described for eE2. Cell culture supernatants were loaded onto an IgG FF column, washed with 20 mM sodium phosphate pH 7.0, eluted with 100 mM sodium citrate pH 3.0 containing 20 mM KCl and immediately neutralized with 1 M Tris pH 9.0. The ProtA tag was cleaved by PreScission Protease in a ratio of 1:50 (w/w) followed by overnight dialysis in 20 mM HEPES pH 7.5, 250 mM NaCl, and 5% glycerol. High-purity CD81 protein was obtained by anion exchange and size-exclusion chromatography.
For binding studies, a 96-well plate (Nalgene Nunc, Thermo Fisher Scientific) was coated with 50 mg of CD81-LEL overnight at 4 uC. All experiments were LETTER RESEARCH Extended Data Figure 3 | Hydrogen deuterium exchange and limited proteolysis of eE2. a, The percentage hydrogen deuterium exchange shown at 10, 100 and 1,000 s time points. The secondary structure of E2 core is placed above to emphasize flexible regions. A red arrow indicates the E2 core N terminus. Extra residues (grey) on N and C terminus come from the vector. Potential cleavage sites for trypsin (blue), chymotrypsin (green) and GluC (magenta) are indicated by asterisks. The colour pattern indicates the percentage of exchange. Grey areas are the regions of no coverage. b, Digestion of deglycosylated eE2 with chymotrypsin (left) and GluC (right) reveals a shift from the ,35-kDa untreated protein (0 min) to ,25 kDa after digestion. Samples were taken at the indicated time points and analysed by reducing 12% SDS-PAGE gel. Molecular mass protein standards (Std) are indicated. The bands were analysed by N-terminal sequencing and mass spectrometry.
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